INTRODUCTION
The emplacement of juvenile magmas into accreted, oceanic terranes is an important mechanism for the growth of crust along active continental margins. Although this igneous process and the accretion of the wall rocks (oceanic terranes) are broadly related to the subduction of oceanic lithosphere, detailed knowledge of the interplay between magmatism, tectonism, and recycling of accreted crust is still poorly understood.
The ca. 144-Ma Bear Peak intrusive complex is one of a suite of upper mesozonal plutonic complexes that were emplaced after Late Jurassic regional thrust faulting (i.e., Orleans thrust fault; Barnes et al., this volume, Chapter 17) . This thrusting has been interpreted as an important structural feature related to the collapse of a Late Jurassic back-arc basin (Snoke, 1977; Saleeby et al., 1982; Harper and Wright, 1984) . Bear Peak magmatism thus represents a post-contractional event. Our new geologic mapping of the Bear Peak intrusive complex indicates that it was constructed in piecemeal fashion by the intrusion of numerous dikes or magmatic sheets that coalesced into a plutonic complex. Furthermore, the extended compositional range from ultramafic to silicic indicates that this plutonic complex is characteristic of some oceanic-arc plutonic suites (Snoke et al., 1981; Pearcy et al., 1990; DeBari, 1997; Snoke et al., 2001) . Deep incision of the Bear Peak intrusive complex provides 1300 m of topographic (structural) relief, so that the combination of detailed geologic mapping, petrography, and geochemical studies reveal the types of magmatic processes that can yield a broad range in rock composition in a single plutonic complex. continental margin from early Paleozoic through Late Jurassic time. The regional thrust sheets were intruded by ultramafic to felsic plutons, which range in age from Silurian to Early Cretaceous. These plutons expose the roots of several long-lived, composite oceanic-arc systems.
Regional contraction, intra-arc extension, and plutonism were important deformational events during the development of the Klamath Mountains. However, relationships among these processes in the province are still debated (e.g., Saleeby et al., 1982; Harper and Wright, 1984; Wright and Fahan, 1988; Harper et al., 1994; Hacker et al., 1995; Irwin and Wooden, 1999; Barnes et al., 2003) . Our study focuses on a Late Jurassic, composite, oceanic-arc pluton; thus, relationships to regional events center on tectonic activity during Jurassic and Early Cretaceous time, when arc magmatism was closely associated with multiple contractional deformations as well as an intervening regional extensional history (i.e., development of the Josephine and related ophiolites).
FIELD RELATIONS

Introduction
The Bear Peak intrusive complex is a Late Jurassic (ca. 144 Ma), composite plutonic suite that intruded the Rattlesnake Creek terrane (Wright and Wyld, 1994) and Upper Jurassic Galice Formation, the hanging wall and footwall of the Orleans thrust fault, respectively (Fig. 1) . This relationship indicates that the Bear Peak intrusive complex was emplaced after regional thrust faulting along the Orleans fault.
A dynamothermal contact aureole in rocks of the Rattlesnake Creek terrane and Galice Formation is indicated by solidstate plastic deformation of the wall rocks as well as an increase in metamorphic grade toward the intrusive complex. Contact metamorphism was chiefly under hornblende-hornfels-facies conditions and grades into the regional greenschist-facies metamorphism characteristic of this part of the Klamath Mountains (Coleman et al., 1988) . The Bear Peak intrusive complex is a heterogeneous body consisting of distinct intrusions that vary in mineral composition and texture. There are abundant mafic dikes that crosscut the intrusive units, and the units commonly contain mafic magmatic enclaves. Also, wall-rock xenoliths and migmatitic amphibolite enclaves are conspicuous throughout the complex ( Fig. 2 ; Plate 1 on the CD-ROM accompanying this volume and in the GSA Data Repository 1 ). Five lithologic units comprise the Bear Peak intrusive suite and are displayed in Figure 2 . From oldest to youngest they are: (1) ultramafic-mafic complex, (2) hornblende gabbro, (3) biotite-hornblende quartz diorite, (4) biotite tonalite/granodiorite, and (5) synplutonic mafic dikes.
Ultramafic-Mafic Complex
The ultramafic-mafic complex forms a centrally located, topographically low mass within the Bear Peak intrusive complex (Fig. 2) . This unit varies in composition from coarsegrained hornblende (±olivine) clinopyroxenite to hornblendite and hornblende melagabbro. The typical mineral assemblage is diopsidic augite + hornblende ± olivine ± orthopyroxene. Hornblende and clinopyroxene oikocrysts that can reach ~6 cm are locally common. The hornblendite commonly contains relict enclaves of hornblende (±olivine) clinopyroxenite (Fig. 3A) . The hornblendite grades into hornblende melagabbro with an increase in the abundance of interstitial plagioclase. An important aspect of the ultramafic-mafic complex is that these cumulate rocks were intruded by numerous gabbroic to dioritic dikes . The complexity of these intrusive relationships has yielded a map-scale intrusion breccia, consisting of ultramafic-mafic rocks as the host unit and crisscrossed by numerous mafic to intermediate dikes.
Hornblende (±olivine) clinopyroxenite consists chiefly of subhedral to anhedral diopsidic augite that is commonly partially to completely replaced by olive-green (Z tint) hornblende. Olivine (~Fo 85 -Fo 75 ) is commonly partially replaced by a mixture of serpentine-group minerals and magnetite. Orthopyroxene grains are typically scarce, anhedral, and partially replaced by hornblende. Poikilitic hornblende grains in the hornblendite commonly contain many relict clinopyroxene grains. The hornblende (±olivine) clinopyroxenite does not contain intercumulus plagioclase, whereas hornblendite has scarce intercumulus (i.e., interstitial) plagioclase (~An 65 ). Hornblende melagabbro is texturally similar to the hornblendite, except that it contains more interstitial plagioclase.
Hornblende Gabbro
The hornblende gabbro unit crosscuts the ultramafic-mafic rocks and contains enclaves of clinopyroxenite and hornblendite. The unit is texturally and mineralogically heterogeneous. Grain size varies from fine-grained, equigranular to pegmatitic. Rock types that are part of this unit include massive; fine-, medium-, to coarse-grained hornblende gabbro; porphyritic hornblende-clinopyroxene gabbro; pegmatitic hornblende gabbro; and scarce medium-grained pyroxene-hornblende gabbro. Hornblende gabbro is the most common rock type. It is equigranular, characterized by subhedral to euhedral hornblende grains, and has a high color index (>60). Leucocratic, plagioclaserich segregations and dikelets are common throughout the hornblende gabbro unit. The pegmatitic hornblende gabbro and porphyritic hornblende-clinopyroxene gabbro are found as dikes and plugs throughout the intrusive complex.
Intermediate to calcic plagioclase and abundant olive-green to brown (Z tint) hornblende are the main mineral phases. Plagioclase exhibits weak normal zoning, ranging from ~An 52 to An 65 . Clinopyroxene, biotite, and quartz are minor constituents in some samples. Titanite, Fe-Ti oxides, and apatite are common accessory minerals in these gabbroic rocks. The porphyritic hornblende-clinopyroxene gabbro as well as pegmatitic hornblende gabbro contain large grains of prismatic hornblende that can reach ~4 cm in length. The groundmass in the porphyritic gabbro consists of hornblende, clinopyroxene, plagioclase, quartz, and titanite. The most widespread deuteric alteration is the replacement of hornblende by epidote + chlorite + Fe-Ti oxides. The sericitization of plagioclase and replacement of biotite by chlorite ± white mica are other common postmagmatic alterations in the gabbroic rocks.
Biotite-Hornblende Quartz Diorite
Biotite-hornblende quartz diorite is medium-grained and equigranular with a color index between 30 and 50. It is the most extensive map-scale unit of the intrusive suite. Magmatic to hypersolidus foliation defined by plagioclase and hornblende is common and dips steeply toward the interior of the pluton. Fabric development ranges from massive (nonfoliated) to strongly foliated, whereas lineation is not present. Mafic dikes intrude the quartz diorite and mingling relationships are widespread. Mafic biotite-hornblende (quartz) diorite magmatic enclaves are also common throughout the quartz diorite unit. Melting and injection relationships are conspicuous where migmatitic amphibolite enclaves are incorporated into the quartz diorite.
The major igneous minerals in the quartz diorite unit are plagioclase, hornblende, biotite, quartz, and Fe-Ti oxides. Titanite and apatite are common accessory minerals. Trace amounts of alkali feldspar occur in some samples. Hornblende grains are typically prismatic and dark green (Z tint) . Biotite is brown, shows no preferred orientation, and commonly forms patchy grains that have partially replaced hornblende. Augite armored by rims of hornblende locally occurs. The Fe-Ti oxides are typically closely associated with the mafic minerals, especially hornblende. Interstitial quartz is anhedral and weakly strained. Local subgrain development in quartz indicates intracrystalline strain at subsolidus conditions. Various deuteric alterations are conspicuous throughout the quartz diorite unit, including the replacement of hornblende by epidote + chlorite and the sericitization of plagioclase. Biotite is also commonly replaced by white mica ± chlorite ± epidote.
Biotite Tonalite/Granodiorite
The tonalite/granodiorite unit consists of equigranular, medium-grained biotite ± hornblende tonalite and granodiorite with trace to ~7 modal% alkali feldspar. It is the least extensive map-scale unit of the Bear Peak intrusive complex. Biotite tonalite/granodiorite is generally homogeneous and weathers yellow; the color index ranges from 10 to 30. The unit is generally massive, but a magmatic fabric defined by oriented biotite plates and tabular plagioclase is evident at some localities. Enclaves of mafic microdiorite locally occur near contacts with the quartz diorite unit. Mafic dikes, fine-grained mafic magmatic enclaves, and migmatitic amphibolite enclaves also occur in this unit.
The common igneous minerals are subhedral biotite, blocky oscillatory-zoned plagioclase (~An [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] ), anhedral quartz, and sparse alkali feldspar. Subgrain development and grainboundary suturing in quartz indicate intracrystalline strain at subsolidus conditions. Apatite, titanite, and Fe-Ti oxides are common accessory phases. Acicular to prismatic deep blue-green hornblende (Z tint) occurs in some samples. Deuteric alteration of biotite to chlorite ± white mica ± epidote and of plagioclase to sericite is widespread in the tonalite/granodiorite unit.
Mafic Dikes and Mafic Magmatic Enclaves
Northwest-striking mafic dikes commonly intrude the quartz diorite unit and locally intrude the hornblende gabbro and biotite tonalite/granodiorite units (Fig. 2, Plate 1) . Conspicuous mingling zones are found along the margins of these mafic dikes where enclaves have pillow shapes, and lobate bulb-and-cusp contacts are conspicuous. Mutual back-veining is apparent along many contacts. Flow fabrics in the dikes, where present, are parallel to contacts with the host. Locally, mafic dikes have chilled margins and exhibit abrupt textural variations from finegrained to very coarse over a meter scale. The fragmentation of once-continuous dikes occurs where they have been dismembered and mechanically incorporated into the magma, leading to trains of subangular to rounded enclaves (Fig. 5) . The mafic magmatic enclaves are commonly lobate and flattened in the plane of foliation. They are petrographically similar to the mafic dikes.
Hornblende in the mafic dikes is olive green (Z tint) and is typically acicular to prismatic in habit. Plagioclase is tabular and sometimes aligned by magmatic flow, whereas quartz, a minor component in these rocks, is anhedral and exhibits undulatory extinction, indicating modest solid-state strain. Patchy brown biotite is common in the mafic dikes, and Fe-Ti oxides, titanite, and apatite are the accessory minerals. Hornblende is locally altered to a colorless amphibole, and patchy biotite has also locally overgrown hornblende. Epidote ± chlorite are deuteric alteration products of hornblende and, white mica + chlorite replace biotite.
Red Hill Creek Pluton
The intrusive rocks that comprise the Red Hill Creek pluton are massive, generally equigranular, coarse-grained biotite tonalite, trondhjemite, and granodiorite. This relatively small intrusion is shown as an undifferentiated body on the Bear Peak intrusive complex map (Plate 1), although future, more detailed work would probably yield distinct mappable units. The Red Hill Creek rocks consist chiefly of plagioclase, quartz, and biotite, whereas alkali feldspar is a greatly subordinate varietal mineral. Quartz accounts for ~25-35 modal% of the granitic rocks of the Red Hill Creek pluton; color index ranges from 10 to 20. The Red Hill Creek pluton is significantly more quartzofeldspathic than the adjacent Bear Peak intrusive complex. North-northwest-striking dikes, which intrude the granitic rocks, include fine-grained mafic rocks (microdiorite to microgabbro), fine-to medium-grained biotite + hornblende gabbro, and aplite/ pegmatite. Xenoliths of clinopyroxenite occur in the Red Hill Creek pluton. Also, dikes and small masses of fine-grained gabbro, characterized by scattered hornblende phenocrysts and a groundmass consisting hornblende + plagioclase + clinopyroxene, intrude the pluton.
Plagioclase forms blocky subhedral grains that exhibit conspicuous oscillatory zoning (An 15 -An 45 ). Quartz grains are anhedral, with subgrain development and evidence of grainboundary suturing (migration). Dark brown to reddish-brown (Z tint) biotite occurs as subhedral, tabular grains. Alkali feldspar forms scarce interstitial grains. Blue-green hornblende occurs in a few samples. Apatite, titanite, zircon, and Fe-Ti oxides are accessory phases. White mica and epidote are common deuteric alterations of biotite, and sericitization of plagioclase grains is common.
Host Rocks
Galice Formation. The Galice Formation consists of lightto medium-gray metagraywacke interlayered with black slate. The metagraywacke is predominantly an impure chert/cherty argillite-clast lithic wacke with quartz and subordinate plagioclase grains. Bedding is locally preserved, but transposed by a pervasive cleavage (S 1 ) related to near-isoclinal folding and synchronous pressure solution. The Galice Formation is contact metamorphosed near the northeast contact of the Bear Peak intrusive complex. This contact metamorphism is manifested by o 35' chloritoid and scarce pseudomorphs of porphyroblastic chiastolite, developed in pelitic horizons of the Galice Formation. The presence of contact-metamorphic assemblages localized near the Bear Peak intrusive complex contact indicates that the pluton intruded lower-plate rocks structurally below the Orleans thrust fault.
Foliation in contact-metamorphosed metapelitic rocks of the Galice Formation is defined by strongly aligned, fine-grained biotite and graphite. These rocks also include fine-grained, granoblastic aggregates of quartz. Chloritoid porphyroblasts have grown across the foliation, suggesting a post-kinematic development. Prismatic pseudomorphs of chiastolite porphyroblasts are aggregates of phyllosilicates and carbonaceous material. The biotite-graphite fabric wraps around these porphyroblasts.
Interlayered Metasedimentary and Metavolcaniclastic
Rocks of the Rattlesnake Creek Terrane. The metasedimentary and metavolcaniclastic unit crops out in the southeast corner of the map area (Fig. 2 , Plate 1). These rocks are interpreted as part of a coherent cover sequence of the Rattlesnake Creek terrane that originally was deposited unconformably upon serpentinitematrix mélange (Wright and Wyld, 1994) . The metasedimentary rocks consist of metachert, siliceous meta-argillite, and slaty meta-argillite. The metavolcaniclastic rocks range from felsic to mafic in composition. The metasedimentary and metavolcaniclastic rocks were regionally metamorphosed at greenschistfacies conditions. The metasedimentary rocks consist chiefly of tabular brown biotite, anhedral quartz, and subordinate plagioclase. The metavolcaniclastic rocks consist chiefly of calcic 340 R.R. McFadden, A.W. Snoke, and C.G. Barnes amphibole (actinolite?), brown biotite, clinozoisite, plagioclase, and quartz. Metasedimentary Rocks of the Rattlesnake Creek Terrane. This unit is in contact with the southern part of the Bear Peak intrusive complex (Fig. 2, Plate 1) . The unit consists of interlayered metachert, meta-argillite, siliceous meta-argillite, and slaty meta-argillite. In the contact aureole, metamorphic grade is hornblende-hornfels facies characterized by megascopic biotite, a hornfelsic texture, crystal-plastic deformation, and local partial melting of pelitic rocks. Scarce porphyroblasts of chloritoid, cordierite, andalusite, garnet, and muscovite are also present. This rock unit may be a large composite block within the mélange of the Rattlesnake Creek terrane; or alternatively, it may be part of the originally overlying "cover sequence," subsequently down-faulted into the mélange.
The mineral assemblages of the metasedimentary rocks consist chiefly of fine-grained, anhedral quartz, strongly aligned biotite grains, and anhedral Fe-Ti oxides. Biotite-rich domains Ultramafic Rocks of the Rattlesnake Creek Terrane. The ultramafic host rocks are the matrix of the serpentinite-matrix mélange. The mélange contains blocks of metabasalt, metachert, meta-argillite, metagabbro, and metaclinopyroxenite (Plate 1). The metaserpentinite rocks are fine-grained, range in color from dark green to blue black to black, and consist chiefly of an aggregate of serpentine-group minerals, talc, tremolite, and opaque oxides. The metaserpentinite is commonly massive and forms angular outcrops that weather brown to deep orange.
Xenoliths of metaserpentinite wall rock are found in the ultramafic-mafic complex (Figs. 3A and 6 ). The fragmentation of these inclusions may be due to a combination of thermal stresses and dehydration reactions. The presence of ultramafic xenoliths in the Bear Peak intrusive complex suggests that wall-rock assimilation (e.g., Kelemen and Ghiorso, 1986 ) may have played a role in the development of the ultramafic-mafic complex.
Serpentine-group minerals in the metaserpentinites are texturally variable and occur as interlocking aggregates, as pseudomorphs after olivine and/or pyroxene, and in veinlets. A colorless, bladed serpentine-group mineral is especially common in the metaserpentinites. It is probably antigorite and may reflect thermal metamorphism related to the Bear Peak intrusive complex. Tremolite forms colorless, acicular to prismatic grains and is commonly associated with talc. Forsteritic olivine, developed during contact metamorphism, was found in some metaserpentinites exposed in Clear Creek between the intrusive contacts of the Bear Peak intrusive complex and Red Hill Creek pluton. Various opaque oxides (probably magnetite and Fe-Cr spinel) as well as magnesite are also common in the metaserpentinites. The typical prograde contact metamorphic mineral assemblage is antigorite + talc + opaque oxides ± tremolite ± olivine ± chlorite ± magnesite. The xenoliths found in the ultramafic-mafic complex consist of talc + magnetite + Fe-Cr spinel + chlorite.
Migmatitic Amphibolite and Metasedimentary Enclaves
The enclaves of migmatitic amphibolite and metasedimentary rocks are abundant, recognizable units in the Bear Peak intrusive complex. They are oriented subparallel to the magmatic foliation in the host plutonic rocks and strike northwest-southeast (subparallel to the synplutonic mafic dikes). These enclaves appear to separate distinct, sheetlike bodies of plutonic rock and thereby provide evidence for an important mode of magmatic emplacement during the development of this plutonic complex (Fig. 2 , Plate 1; see discussion below). Near the eastern hostrock-intrusive complex contact, migmatitic amphibolite and hornblende gabbro form a sheeted margin.
The migmatitic amphibolite enclaves are metabasites that preserve relict lithic clasts, heterogeneous grain size in the matrix, and relict pyroxene and plagioclase. These rocks are described as "migmatitic" because they consist of variable proportions of amphibolitic melanosome pervasively injected by leucosome veinlets. The leucosomes consist of quartz and plagioclase with minor biotite, hornblende, and alkali feldspar, whereas the melanosome (including the relict lithic clasts) consists chiefly of hornblende and plagioclase with minor biotite and clinozoisite/epidote.
Metapelitic and siliceous argillite enclaves are found near the pluton-host rock contact toward Red Hill (Fig. 2, Plate 1) . The melanosome mineral assemblage in metapelitic rocks is biotite + quartz + cordierite, whereas in siliceous argillite, it is biotite + quartz. Both metasedimentary rock types are injected by leucosome with the mineral assemblage quartz + plagioclase with minor biotite.
Late Crosscutting Faults
The Bear Peak fault is a left-lateral, oblique-slip fault with a northwest-strike and unknown displacement. The northeast block is the upthrown side. There is noticeable map-scale offset of the intrusive contacts of the Bear Peak intrusive complex, with many intrusive and host rock units truncated by the fault.
The Slippery Creek fault is a high-angle, northeast-striking normal fault. This fault juxtaposes Rattlesnake Creek terrane rocks in the hanging wall of the Orleans fault on the west with footwall rocks of the Galice Formation on the east. The Slippery Creek fault is a late normal fault that cuts the regional Orleans thrust fault.
GEOCHEMISTRY
Samples from the Bear Peak intrusive complex have a wide variation in SiO 2 content, ranging from 42 to 72 wt%. Based on the classification of Frost et al. (2001) , the sample suite is chiefly calcic to calc-alkaline, magnesian, and metaluminous, although some tonalitic and granodioritic samples are mildly peraluminous (Fig. 7) . Also, several samples of quartz diorite straddle the magnesian-ferroan boundary.
The ultramafic-mafic rocks are characterized by high MgO and low Al 2 O 3 contents. They show considerable scatter in minor elements (not shown) that may reflect chemical interaction with the mafic and/or intermediate dikes, or possibly these characteristics reflect multiple processes (i.e., crystal accumulation and/or assimilation of metaserpentinite). It is evident that Cr and Ni are abundant in clinopyroxenite and hornblende melagabbro samples ( Fig. 8D and E) . The Bear Peak intrusive complex ultramafic-mafic rocks are similar to other ultramaficmafic complexes in the Klamath Mountains, such as the Blue Ridge intrusion (e.g., Snoke et al., 1981) . The hornblende gabbro, quartz diorite, and tonalite/granodiorite units have chemical trends that contrast with one another (Fig. 8, Table 1 ). The amount of Al 2 O 3 increases with increasing SiO 2 in the high-MgO hornblende gabbros, whereas Al 2 O 3 decreases with increasing SiO 2 in the biotite tonalite/granodiorite unit. The low-MgO quartz dioritic rocks show approximately constant high Al 2 O 3 contents of ~18-19 wt%. Trends similar to those for Al 2 O 3 can be seen in Sr abundances, but the data are more scattered (Fig.  8C) . The quartz diorite and biotite tonalite/granodiorite samples show low concentrations of Rb, Ni, and Cr that are characteristic of calc-alkaline rocks. However, the gabbroic samples, interpreted as cumulates, have extremely high Cr and Ni abundances. The biotite tonalite/granodiorite rocks (62-72 SiO 2 wt%) are characterized by large Sr/Y and Ba/Y ratios and high Sr (>700 ppm) values.
A sample of hornblende melagabbro (1188) from the ultramafic-mafic complex shows a concave downward rare-earthelement (REE) pattern with an overall negative slope (Fig. 9 , Table 2 ). The pattern reaches maximum normalized REE abundances at Sm, and heavier REE (HREE) abundances are higher than all other analyzed samples (Fig. 9) . In contrast, the light REEs (LREEs) have a normalized La/Sm ratio <1. This pattern is typical of rocks whose REE abundances are controlled by accumulation of clinopyroxene and/or hornblende and accessory minerals. The biotite-hornblende quartz diorite and hornblende gabbro samples display parallel, negative slopes (normalized La/ Yb ratios range from 5 to 8), and HREE concentrations are about ten times those of chondrites. Europium anomalies are absent or slightly positive (Fig. 9) . The biotite tonalite/granodiorite rocks exhibit distinctive steep negative slopes (Ce/Yb = 16.70 and 22.98) and some have nearly flat chondrite-normalized HREE (reverse J-shape). Such patterns are common among highAl 2 O 3 tonalite and trondhjemite rocks (Arth and Hanson, 1972; Barker and Arth, 1976; Arth et al., 1978; Barnes et al., 1996) .
CONDITIONS OF EMPLACEMENT
Age of Emplacement
Although a contact between the Bear Peak intrusive complex and Upper Jurassic Galice Formation is not exposed, contact-metamorphic textures and assemblages in the Galice Formation within ~600 m of the contact argue for an intrusive relationship. If so, the pluton intruded both the hanging wall and footwall of the Orleans thrust fault. This assertion is consistent with recent U-Pb (zircon) dating of a late-stage granodiorite (Allen and Barnes, this volume), which yielded an age of 143.7 ± 1.3 Ma. As the Orleans thrust is pinned by the ca. 150-Ma Summit Valley pluton (Harper et al., 1994) , the Bear Peak intrusive complex must have passed through and thermally metamorphosed the Galice Formation. Furthermore, Allen and Barnes (this volume) reported distinctive zircon inheritance that is similar to detrital zircon from basal metagraywacke of the Galice Formation (Miller and Saleeby, 1995; Miller et al., 2003) . These data led Barnes et al. (this volume, Chapter 17) to place the Bear Peak intrusive complex in their "western Klamath plutonic suite" (151-144 Ma).
Estimates of Contact-Metamorphic Conditions
Adjacent to the ultramafic-mafic complex, the host rocks are mainly metaserpentinite. The peak metamorphic assemblage is olivine + tremolite + talc + magnetite + Fe-Cr spinel that suggests temperatures between 550 and 600 °C at pressures of ~3 kb (Tracy and Frost, 1991) . The metamorphic grade reached hornblende-hornfels-facies metamorphism in the semipelitic host rocks, and the lack of clinopyroxene in the semipelitic rocks is consistent with temperatures below 675 °C (Russ-Nabelek, 1989). Spotted slaty argillite in the Rattlesnake Creek terrane contains porphyroblasts of andalusite and chloritoid, as well as inferred cordierite porphyroblasts, now pseudomorphs consisting of an aggregate of phyllosilicate minerals, quartz, and opaque oxides. Hornfelsic metapelitic rocks in the Galice Formation contain chloritoid porphyroblasts and scarce chiastolite pseudomorphs, now chiefly altered to phyllosilicate minerals. Pattison and Tracy (1991) summarized experimental data, indicating that andalusite is stable at ~4.5 kb (450 MPa) at 550 °C, and at 650°C
, andalusite has a maximum pressure stability of ~3.5 kb (350 MPa). Therefore, the contact-metamorphic assemblages in the Bear Peak aureole indicate emplacement pressures of ~3-4.5 kb and maximum aureole temperatures of ~550-675 °C. 
Geothermobarometry
To estimate temperature and pressure of final mineral equilibration, rim compositions of hornblende and plagioclase grains were determined on the University of Wyoming, Laramie, automated JEOL JXA-8900 electron probe microanalyzer. The Al-in-hornblende geobarometer correlates Al tot content of magmatic hornblende linearly with crystallization pressure of intrusion (Hammarstrom and Zen, 1986) . In amphibole-bearing tonalitic to granodioritic rocks, the magmatic system can be described by ten components: SiO 2 -TiO 2 -Al 2 O 3 -Fe 2 O 3 -FeOMgO-CaO-Na 2 O-K 2 O-H 2 O. Commonly, tonalite and granodiorite are nine-phase systems: hornblende + biotite + plagioclase + potassic feldspar + quartz + titanite + Fe-Ti oxide + melt + fluid phase. Such systems are trivariant, with three degrees of freedom, which leads to three intensive variables (Hollister et al., 1987) . The fO 2 may be buffered by a second Fe-Ti oxide or epidote. If temperature lies close to the wet solidus (nearly isothermal), then pressure is the only variable (Hollister et al., 1987; Schmidt, 1992) . In cases where the solidus temperature is poorly known, the barometer is sensitive to both fO 2 and temperature (Anderson and Smith, 1995) . Therefore, it is important to correct for the temperature of equilibration of the nine-phase assemblage and to analyze rocks that fall within the experimental calibrations, which is the case for most of the Bear Peak intrusive complex samples. All samples have the appropriate assem- blage for Al-in-hornblende barometry: hornblende + plagioclase + biotite + quartz + potassic feldspar + titanite + Fe-Ti oxides (Hammarstrom and Zen, 1986; Hollister et al., 1987) .
We used the approach of Anderson and Smith (1995) , in which temperature is calculated from the two plagioclasehornblende thermometers (Thb1 and Thb2) developed by Holland and Blundy (1994) , and pressure estimates are corrected using the estimated temperature by iteration. Temperature estimates based on Thb2 are preferred, due to the possibility that quartz crystallized after the equilibration of plagioclase and hornblende (Anderson and Smith, 1995) . Table 3 shows the rock types and estimated pressure and temperature for the four samples. Quartz diorite samples, BP19b and BP251, yielded hornblende-plagioclase equilibrium temperatures from 750 to 770 °C (±20 °C) and pressures from 3.7 to 3.9 kb (±0.7 kb). Samples from the biotite tonalite/granodiorite unit, BP174 and BP288, have estimated temperatures from 690 to 720 °C (±30 °C) and pressures of 4.5-4.7 kb (±0.5 kb).
Pressure estimates derived from the two rock types overlap (within analytical uncertainty), although the overlap is slight. This near lack of agreement may be the result of lack of equilibrium among the analyzed phases; however, care was taken to analyze minerals in apparent textural equilibrium (McFadden, 2004) . Different pressure estimates may also be related to differences in bulk composition or the lack of quartz as a SiO 2 -buffering phase when amphibole and plagioclase were in equilibrium. If the precision of the pressure estimates are assumed to be correct, then the data suggest that late-stage parts of the Bear Peak intrusive complex crystallized at higher pressure than the early units. If this scenario is true, the higher pressure estimated for the younger stage of the pluton could result Figure 9 . Rare-earth-element (REE) diagram of the Bear Peak intrusive complex rocks. The REE plot of the hornblende melagabbro sample (1188) shows a concave-downward trend with an overall negative slope. There is also a depletion of heavy and light REEs. The quartz diorite and hornblende gabbro display a negative slope with light REE enrichment. The biotite tonalitic/granodioritic rocks are strongly fractionated; have small, positive Eu anomalies; and exhibit a flat heavy-REE pattern. These trends show a reverse J-shaped pattern characteristic of high-Al 2 O 3 tonalitic/trondhjemitic rocks (Barnes et al., 1996) . from foundering of the intrusive complex during emplacement, to magma loading at higher structural levels, or to hornblende crystallization at higher pressure and a lack of equilibration at the pressure of emplacement.
DISCUSSION
Development of the Bear Peak Intrusive Complex
Abundant enclaves, distinct intrusions that vary in mineral composition and texture, and the overall heterogeneity of the Bear Peak intrusive complex imply growth by piecemeal intrusion. Also, wall-rock xenoliths, migmatitic amphibolite enclaves (see below), and solid-state foliation in the wall rocks suggest that the Bear Peak intrusive complex formed by coalescence of multiple magmatic sheets (Fig. 10) . The magmatic fabric intensity and enclave density is variable across the complex, further supporting sheetlike assembly of the pluton. Field evidence from the ultramafic-mafic complex and the calcic to calc-alkalic units indicates a multistage emplacement history. Emplacement of the Bear Peak intrusive complex originated with intrusion of basaltic magma, from which olivine + diopsidic augite + hornblende accumulated to form the ultramaficmafic complex. The cumulate rocks were subsequently intruded by numerous gabbroic to dioritic dikes (Figs. 3 and 4) , forming an intrusion breccia. The dikes incorporated angular/subangular to subrounded enclaves of clinopyroxenite and hornblendite, thereby indicating that the cumulate rocks were sufficiently solidified to undergo brittle deformation. The ultramafic-mafic complex also incorporated and perhaps assimilated metaserpentinite xenoliths.
Back-veining by the intrusive units, bulb-and-cusp contacts, conformity of flow fabrics in the mafic dikes and intrusive rocks, and progressive fragmentation indicate that the mafic dikes and intrusive units were essentially contemporaneous. The mingled margins suggest that hot, mafic magmas were undercooled against a cooler but still mobile host. The presence of synplutonic mafic dikes and associated mafic magmatic enclaves is commonly attributed to mingling of mafic and intermediate to felsic magmas at the level of emplacement (Barnes, 1983; Barbarin, 1991; Bussel, 1991) , whereas dispersed mafic magmatic enclaves are attributed to mingling below the level of exposure (Vernon, 1983; Barnes et al., 1992; McNulty et al. 1996) . The presence of both synplutonic dikes and dispersed mafic magmatic enclaves suggests that magma mingling occurred prior to, during(?), and after emplacement of the Bear Peak intrusive complex magmas. On the basis of geochemical analysis (Barnes et al., this volume, Chapter 17) , it is also possible to infer that significant magma mixing affected some Bear Peak magmas.
During the emplacement of the Bear Peak intrusive complex, a dynamothermal aureole developed in the wall rocks through solid-state deformation. Finally, after the Bear Peak intrusive complex had solidified, oblique-slip displacement along the Bear Peak fault and minor displacement along the Slippery Creek fault occurred.
Migmatitic Amphibolite Enclaves
The migmatitic amphibolite enclaves in the Bear Peak intrusive complex are of problematic origin for at least two reasons: (1) lithologically similar rocks are not exposed along the contacts of the intrusive complex and (2) the enclaves show evidence for partial melting, yet none of the exposed aureole rocks underwent significant anatexis. An exception to item 1 is the presence of mafic hornfels (i.e., amphibolitic rocks) adjacent to the eastern margin of the Bear Peak intrusive complex in the Clear Creek area (Fig. 2, Plate 1) . However, these rocks are relatively small blocks in serpentinite-matrix mélange of the Rattlesnake Creek terrane and therefore are not areally extensive. The evidence for partial melting (item 2) comes from the presence of crosscutting leucosomes, which suggest a mobile, leucocratic magma capable of dilational intrusion. The tonalitic compositions of the leucosomes is consistent with hornblendedehydration melting of mafic to intermediate amphibolitic protoliths (Drummond and Defant, 1990; Beard and Lofgren, 1991; Rapp et al., 1991; Rushmer, 1991; Wolf and Wyllie, 1994) .
At least some of the migmatitic enclaves had a volcaniclastic protolith, because fragmental textures and structures are preserved in less-strained parts of the amphibolite. Local presence of relict clinopyroxene and plagioclase phenocrysts also suggests that the protolith had heterogeneous grain size, which is typical of volcaniclastic rocks in the province. In contrast, Time 1 Gray, 1985) . Dehydration-melting of amphibolitic rocks requires temperatures greater than 850-900 °C at 3 kb (Beard and Lofgren, 1991) , although melting in the presence of interstitial H 2 O (water-saturated conditions) can occur at lower temperatures, depending on the ambient pressure (Beard and Lofgren, 1991) . The compositions of typical magmas in the Bear Peak intrusive complex suggest that thermal conditions were appropriate to achieve the partial melting of the basic to intermediate enclaves.
As an example, liquidus temperatures were calculated for two Bear Peak intrusive complex samples using the program PELE (Boudreau, 1999) . A basaltic dike (BP258) with 2.0 wt% H 2 O has a liquidus temperature of 1311 °C at 4 kb. Quartz diorite sample BP288 with 1 wt% H 2 O yielded a calculated liquidus temperature of 1174 °C. The latter sample would be ~70% crystalline at 1000 °C; therefore, one can infer that most magmas emplaced in the Bear Peak intrusive complex were hotter than 1000 °C. Clearly, thermal conditions for partial melting of the migmatitic enclave protoliths were possible in the pluton.
Nevertheless, questions remain: how did the enclaves come to be in the intrusive complex and what was their source? At least three hypotheses of origin are possible for the enclaves (Fig. 11): (1) sheets of magma coalesced and surrounded screens of mafic volcaniclastic rock, leading to in situ partial melting; (2) amphibolitic or metabasic xenoliths were torn from a deep conduit and entrained in Bear Peak magmas; and (3) mafic volcaniclastic rocks from the Rattlesnake Creek terrane cover sequence (possible roof of the Bear Peak intrusive complex) were stoped into the intrusive complex and sank to their present level.
Data in support of the in situ screen hypothesis (1) include the northwest-southeast orientation of the migmatitic amphibolite enclaves; the wrapping of magmatic fabric around the enclaves; and the septa-like nature of extensive, albeit discontinuous, enclaves separating intrusive units. This interpretation is consistent with the observation that, near contacts with metasedimentary host rocks, metasedimentary enclaves are completely surrounded by the host pluton. However, the in situ screen hypothesis is not consistent with the lack of mafic volcaniclastic rocks in the aureole. In the classic case of in situ screen formation (e.g., Pitcher, 1970; Pitcher and Berger, 1972) , a ghost stratigraphy defined by enclaves is in geologic continuity with rock units and contacts in the aureole. Thus, in the Bear Peak intrusive complex, development of in situ screens is only viable if one assumes that a package of volcaniclastic rocks in the Rattlesnake Creek terrane was completely engulfed by magma.
Hypothesis 2 involves entrainment and upward transport of mafic rocks torn from magmatic conduit(s). Regional geologic relationships suggest that such rocks would be from either the Galice Formation or Josephine ophiolite. However, the Galice Formation in the area around the Bear Peak intrusive complex lacks volcaniclastic rocks, and such rocks are essentially absent in the Josephine ophiolite (Harper, 1984 (Harper, , 2003 Harper et al., 1994) . Moreover, the probable low viscosity and yield strength of parental Bear Peak magmas make entrainment and upward transport of amphibolitic rafts of the dimensions observed unlikely.
The stoping hypothesis (3) requires that the cover sequence of the Rattlesnake Creek terrane consisted, in part, of volcaniclastic rocks similar to the sequence exposed southeast of the complex. Had significant stoping of the typical Rattlesnake Creek terrane cover sequence occurred, one might expect a greater proportion of metasedimentary enclaves in the pluton, as well as randomly oriented enclaves. The paucity of metasedimentary enclaves could result from a cover (roof) sequence that was chiefly volcaniclastic rocks or from complete melting and incorporation of metasedimentary enclaves into the host magma. This latter idea is unlikely, owing to the quartz-rich, and therefore refractory, nature of many of the host rocks. Finally, the present orientation of the enclaves may be related to poststoping rotation by late-stage magmatic deformation, which is consistent with the orientation of magmatic foliations, subparallel to the orientation of the enclave blocks.
We conclude that the heterogeneity of the enclaves, their textural characteristics, their subparallel orientations, and the presence of similar protolith rocks within a few km of the pluton are consistent with the development of in situ screens and/or stoping.
Interpretation of Geochemical Data
Major, trace, and REE abundances (Tables 1 and 2 , Figs. 7 and 8) suggest that the Bear Peak intrusive complex had at least two types of mafic parental magma that resulted in three of the plutonic units: (1) ultramafic-mafic rocks, (2) hornblende gabbro, and (3) biotite-hornblende quartz diorite.
A basaltic parental magma is probable for the ultramaficmafic rocks, based on development of magnesian olivine (Fo 85 -Fo 75 ), diopsidic augite, Fe-Cr spinel, and calcic plagioclase (~An 65 ). Most samples of this unit are probably cumulate, which would explain their high CaO and MgO and low Al 2 O 3 . Accumulation of olivine ± augite ± hornblende is consistent with the high Cr and Ni contents, as is the concave-downward REE pattern (Fig. 9, sample 1188) . Early stability of clinopyroxene without plagioclase plus the abundance of cumulate hornblende indicate that the parental magma was H 2 O-rich. This property in turn suggests that this MgO-and H 2 O-rich parental magma had a source in a mantle wedge above a subducting slab.
The gabbroic unit probably also had basaltic parental magmas, which is supported by the overlap in compositions of fine-grained basaltic dikes and the gabbroic unit (Figs. 7 and 8) . The parental magmas to the gabbroic rocks were probably also H 2 Orich, which would explain the early stability of hornblende, the presence of hornblende phenocrysts locally, the extremely variable grain sizes (fine-grained to pegmatitic), and the presence of plagioclase-rich dikelets and veinlets (thought to represent low-temperature melt fractions). Together, the coherent compositional trends shown by the ultramafic-mafic and gabbroic units (Figs. 7 and 8) are consistent with a single parental magma type for both. Such a model has been proposed for similar rocks in the region (Bear Mountain intrusive complex: Snoke et al., 1981; Barnes et al., this volume, Chapter 17) and elsewhere (DeBari, 1997) .
The nature of magmas parental to the quartz dioritic unit is less certain. Their phase assembly is consistent with evolved basaltic or andesitic magmas. variation (Fig. 8) , we surmise that plagioclase was an early stable phase in the parental magmas (along with hornblende), which in turn suggests crystallization from H 2 O-bearing magmas, but ones with less H 2 O than magmas parental to the ultramafic-mafic and gabbroic units. In a companion paper, Barnes et al. (this volume, Chapter 17) further investigated the origin of these magmas. They concluded that the parental magmas arose by partial melting of a hydrated mantle wedge and then evolved by fractional crystallization prior to emplacement in the Bear Peak intrusive complex. Several of the tonalitic and granodioritic rocks have distinctive features, such as relatively high Mg/(Mg + Fe), high Sr values (>700 ppm), large Sr/Y and Ba/Y ratios, and reverse J-shaped REE patterns (Figs. 7-9 ). Such features are characteristic of partial melting of metabasic rocks in which amphibole ± garnet are residual phases (e.g., Martin, 1987; Drummond and Defant, 1990; Beard and Lofgren, 1991; Rapp et al., 1991; Rushmer, 1991; Wolf and Wyllie, 1994; Barnes et al., 1996; Wyllie et al., 1997) . Although it is tempting to relate the tonalitic and granodioritic magmas to partial melting of migmatitic enclaves, we view this possibility as unlikely for at least two reasons. First, the chemistry of the tonalitic and granodioritic rocks indicates residual garnet in the source, yet the migmatitic enclaves lack garnet. Second, the dated granodiorite sample contains inherited zircon that is virtually identical to detrital zircon in the Galice Formation (Miller and Saleeby, 1995; Miller et al., 2003; Allen and Barnes, this volume) . This observation requires that the magma parental to the dated sample, and presumably to other tonalite-granodiorite samples, assimilated Galice Formation metasedimentary rocks, and therefore originated well below the level of emplacement.
One of the characteristic features of the Bear Peak intrusive complex is the presence of partly disrupted synplutonic mafic dikes. Their crosscutting relationships, fragmentation and incorporation into host units, and formation of adjacent mafic magmatic enclaves are typical of mechanical mingling while the host magmas were still hot. Moreover, the presence of dispersed mafic magmatic enclaves suggests that mingling also occurred below the level of emplacement.
The synplutonic dikes appear to be compositionally similar to the MgO-rich gabbroic unit (Tables 1 and 2 , . That these dikes intrude all stages of the Bear Peak intrusive complex indicates that the MgO-rich parental magma type was being generated in the underlying mantle wedge throughout the history of the Bear Peak intrusive complex.
CONCLUSIONS
The 144-Ma Bear Peak intrusive complex is a composite plutonic suite that ranges in composition from ultramafic to silicic, indicative of the extended compositional range characteristic of some oceanic-arc plutonic suites (e.g., Snoke et al., 2001 ). Contact-metamorphic assemblages and Al-in-hornblende barometry indicate crystallization at 3.5-4.7 kb, thus implying a mesozonal emplacement (12-20 km). Contact-metamorphic temperatures of 650-770 °C suggest high magmatic temperatures or significant flow of magma past the host rocks.
The intrusive complex grew by the multistage emplacement of magmas, commonly as dikes and large-scale, sheetlike bodies. This process is evident in the early development of the Bear Peak intrusive complex, as manifested by the intrusion of multiple gabbroic to dioritic dikes in the central (structurally low) ultramafic-mafic complex. The piecemeal growth of the Bear Peak intrusive complex continued throughout its development, as indicated by the presence of synplutonic mafic dikes and mafic magmatic enclaves in the major intrusive units of the complex. However, some space for the magmas also was made by stoping, as indicated by enclaves and screens of migmatitic amphibolite and xenoliths of quartzofeldspathic and ultramafic rocks. The in situ partial melting of metabasic and quartzofeldspathic rocks indicate the high temperatures of the intruded magmas of the Bear Peak intrusive complex, and this conclusion is also consistent with the estimated contact-metamorphic temperatures. Thus, the distribution of xenoliths and wall-rock screens as well as the mineralogical and textural heterogeneity of the intrusive plutonic rocks are the key field relations that suggest that the gabbroic to dioritic to tonalitic units of the Bear Peak intrusive complex were chiefly emplaced as multiple magmatic sheets. These sheets eventually coalesced into distinct, mappable plutonic rock units.
Geochemical features of the earliest two stages and the synplutonic dikes show that MgO-and H 2 O-rich basaltic magma was present in the system from its inception to its end. Such magmas probably originated in the underlying mantle wedge, and some must have ponded in the crust. Such ponded magmas may have given rise to the MgO-poor parent for the quartz diorite unit. Furthermore, ponding in, and assimilation of, the underlying Galice Formation could explain the evolved nature of, and inherited zircon in, the late-stage tonalites and granodiorites. With evidence for a mantle source, deep-crustal ponding, mid-crustal interaction and assimilation, and upper-crustal stoping, the Bear Peak intrusive complex is a clear manifestation of a crustal magma column and cannot be viewed as a small, isolated pluton.
